Objective: To investigate the importance of the WOMAC index score, health-related quality of life and physical performance in each domain affected by knee osteoarthritis (OA) and to identify gender differences in the importance of these domains and physical performances.
INTRODUCTION
Knee osteoarthritis (OA) is characterised by the degeneration of articular cartilage, morphological changes in the subchondral bone and damage to the surrounding soft tissue. 1 2 These structural changes lead to joint pain, quadriceps muscle weakness, reduced range of motion and joint instability. 3 4 As a result, knee OA is the most common form of chronic joint disease and the leading cause of lower limb disability in elderly populations. [3] [4] [5] [6] [7] The limitations in activity caused by OA seriously affect social relationships, body image, emotional well-being and quality of life (QOL), particularly at an advanced age. 8 9 During the past few decades, many instruments have become available to measure QOL. These QOL scales are either generic or disease-specific and some have been developed as clinical tools for outcome measurements in patients with OA. 10 11 The Western Ontario and McMaster (WOMAC) index is one of the most widely used outcome measures for this purpose. WOMAC is a disease-specific instrument for
Strengths and limitations of this study
▪ To explore the gender difference in the effect on the quality of life in people who suffered from knee osteoarthritis (OA) in different cultures and environments. ▪ Furthermore, the results could be used to design a strategy to increase the quality of life of elderly Taiwanese patients with knee OA. ▪ This study utilised a self-reported diseasespecific and health-related questionnaire and a physical performance test to assess quality of life. ▪ The cross-sectional design of this study precluded any causal inference. ▪ This sample had a limited age range.
measuring the level of pain, joint stiffness and functional ability and was applied for the evaluation of knee and/ or hip OA by Bellamy et al. 12 13 Health-related QOL (HRQOL) is a concept which represents an individual's perceived health status and overall physical and mental well-being. Among the generic scales, the Medical Outcome Study Short Form-12 (SF-12) has been widely used to measure HRQOL in patients with OA. 14 Although self-reported measures of function are often primary end points in clinical outcome studies, growing evidence has shown that objective performance-based assessments, such as the Timed and Up to Go Test (TUGT) and the Five Times Sit to Stand Test (FTSST), could demonstrate different aspects of clinical function. [15] [16] [17] [18] Some studies have shown that performance-based assessments identify limitations in physical function earlier compared with self-reported assessments. 17 19 Performance-based assessments are required to obtain a more complete picture of the functional limitations in populations with knee OA. 20 21 Therefore, both performance-based and self-reported outcome measures should be included as part of a comprehensive patient profile to accurately assess the multiple domains of physical function and disability in elderly populations with OA.
Studies in the USA and Japan have suggested that gender difference plays an important role in OA and HRQOL. 22 23 It has been suggested that ethnicity also affects the relationship between QOL, functional disability and OA. [24] [25] [26] However, studies that explore the population of Taiwan are lacking. Therefore, we hypothesised that the relationship between WOMAC, HRQOL, physical performance and knee OA would be affected by culture, environment and ethnicity. The purpose of this study was to identify the role of gender differences in QOL measures and physical performance in an elderly Taiwanese population with knee OA.
MATERIALS AND METHODS Participants
This population-based study enrolled 901 participants (409 males and 492 females) and consisted of both healthy individuals and patients aged 65 years and older (mean (SD) age=74.04 (6.92) years), who received Taipei city senior medical check-ups between March 2010 and July 2011 at the Tri-Service General Hospital (TSGH), a medical teaching hospital of the National Defence Medical Centre in Taipei, Taiwan. The Taipei city senior medical check-up programme is a governmental welfare programme provided to people who are aged 65 or older and who have been registered residents in Taipei city for more than 1 year.
We explored the associated information at the Health Management Centre of TSGH while the participants received the check-up programme. All participants who were willing to join this study after full explanation by investigators were enrolled. Patients who had undergone knee surgery, such as total knee arthroplasty, were excluded. This study was approved by the TSGH Institutional Review Board (TSGH-100-05-023). All participants provided written informed consent. The demographic data included age, gender, body mass index (BMI: kg/m 2 ), occupation before retirement, years of formal education and weekly exercise level. We defined one instance of exercise as more than 30 min of moderate intensity physical activity. 27 
Measures

Radiographic assessment
All participants underwent radiographic examination of both knees using anteroposterior and lateral views with weight-bearing and foot-map positioning. Knee radiographs were read and scored by two readers, including a radiologist and a rheumatologist blinded to the patients' clinical information, using the Kellgren/Lawrence (KL) grading system. 28 In KL grading, radiographs are scored from 0 to 4. If the results yielded different K-L grades, we recruited a third interpreter to confirm the final grade. For patients with different K-L grades in each knee, the more advanced grade was taken for evaluation. We used a radiographic grade of ≥2 on the Kellgren/ Lawrence scale to define knee OA.
Instruments
Western Ontario and McMaster Index
The WOMAC osteoarthritis index is a disease-specific measure of health status. It provides information on clinically important, patient-relevant symptoms in the areas of pain, stiffness and physical function in patients with knee OA. 29 WOMAC includes 5 items that measure pain, 2 items that measure stiffness and 17 items that measure physical function. We used the Likert version of the WOMAC, wherein each item is scored on a five-point scale. Scores for each scale are created by summing the points of the individual items. Higher scores represent worse health status. Both the reliability and validity of WOMAC have been established. 12 30 Short Form-12 The SF-12 was used to assess the status of general physical health. It consists of 12 questions covering 8 health domains of physical functioning (PF), social functioning (SF), role-physical (RP), role-emotional (RE), mental health (ME), energy/vitality (VT), bodily pain (BP) and general health perception (GH). 31 32 The questions were combined, scored and weighted to create the physical component summary score (PCS) and mental component summary score (MCS) ((ranging from 0 (lowest level of health) to 100 (highest level of health)). The score of PCS is composed of PF, RP, BP and GH and the score of MCS is composed of SF, RE, ME and VT.
Timed and Up to Go Test
In this test, individuals are given verbal instructions to stand up from a chair with an armrest, walk 3 m as quickly and safely as possible, cross a line marked on the floor, turn around, walk back and sit down. The test includes the time it takes for the individual to get out of the chair after he/she is told to 'Go'. We defined times longer than 12 s as impaired lower extremity function. 33 34 Five Times Sit to Stand Test In this test, the patient sits with arms folded across the chest and with his/her back against a chair (43 cm high and 47.5 cm deep). The participants were instructed to stand up fully between repetitions and not to touch the back of chair, using the standard instruction, "I want you to stand up and sit five times as quickly as you can, when I say 'Go'." Timing begins at 'Go' and ends when the buttocks touch the chair after the fifth repetition. We defined a time longer than 15 s to represent impaired lower extremity function. [35] [36] [37] [38] Statistical analysis Categorical and continuous variables were presented as a number ( proportion) and mean±SD. We used Student t test to compare the WOMAC index score, SF-12 domains, TUGT and FTSST between elderly Taiwanese patients with and without knee OA. We also stratified the results by gender and compared the above variables with Student t test.
To test the effect of each independent variable on each dependent variable, linear regression and logistic regression were used to test their effects. To determine the independent association of radiographic knee OA and physical performance with quality measures, we used multiple regression analysis with adjustment for age, BMI, education and exercise.
Statistical significance was set at a p value of <0.05. Data analyses were performed using the R statistical program (V.3.1.1). Table 2 shows the differences between participants with and without knee OA in QOL and performancebased assessment. The WOMAC scores in patients with knee OA were higher than in those without knee OA in terms of pain, stiffness, physical function and total scores. The SF-12 scores, including PCS and MCS, were lower in participants with knee OA compared with people without it. However, some subitems had no significant difference between participants with and without knee OA ( p value of role-physical=0.225; p value of general health=0.139; p value of social functioning=0.183; and p value of mental health=0.328). In addition, the differences between participants with and without knee OA were not marked for TUGT and FTSST. Table 3 shows the difference between male participants with and without knee OA in QOL and performance-based assessment. The WOMAC scores in men with OA were higher than those in men without OA in terms of pain, stiffness and total scores, but not in physical function. The patients with OA had lower MCS scores on SF-12 than the patients without OA, but there was no marked difference between the two groups in PCS scores. Moreover, TUGT and FTSST showed no marked difference in physical performance between men with and without OA. Table 4 shows the difference between female participants with and without knee OA in QOL and performance-based assessments. The WOMAC scores in The results of sex-specific analysis show the same results as displayed in tables 3 and 4. The PCS score of SF-12 was markedly higher in females without OA, but there was no marked difference in males. In contrast, the MCS score of SF-12 was markedly higher in males without OA, but there was no marked difference in females. The TUGT and FTSST were categorised into two groups based on the timing cut-off points as follows: 12 s for TUGT and 15 s for FTSST. In addition, we analysed the association between physical-based performance tests and QOL measures. These associations were very strong in males and females (all p values were less than 0.001, please see online supplementary tables S1-S3). The impact factors analysis of WOMAC, PCS, MCS, TUGT and FTSST are shown in online supplementary tables S4-S8, respectively.
RESULTS
We also checked the difference in WOMAC, SF-12 score and physical performance between females and males with knee OA. The PCS domain of females with knee OA had markedly lower scores than that of males with knee OA ( p≤0.001). The proportion of females with knee OA with an FTSST longer than 15 s was higher than that of males with knee OA ( p=0.015). Furthermore, the WOMAC and MCS scores in females with knee OA were lower than those in males with knee OA, but no statistical significance was shown in these two variables between females and males with knee OA. The proportion of TUGT longer than 12 s in females with knee OA was greater than that in males with knee OA; however, there was no statistical significance observed.
The multivariate models are shown in table 5. After adjusting for age, BMI, education and exercise, the patients with OA had no marked difference compared with individuals without OA on PCS, MCS, TUGT and FTSST. However, the total WOMAC scores were markedly different between females with and without OA ( p=0.004), but not in males ( p=0.220).
DISCUSSION
This study demonstrated a gender difference in WOMAC index scores (a disease-specific scale), SF-12 (an alternative form of health-related QOL measures) and physical-based performance in an elderly Taiwanese population with knee OA. The present study shows that elderly Taiwanese females with KL ≥2 have significantly lower PCS scores than those with KL=0 or 1 (difference between them on PCS: −4.46). Samsa et al 39 elucidated that the Minimally Clinically Important Difference (MCID) for SF-36 is typically in the range of 3-5 points. In other words, a difference of 3 points or more in SF-36 scores is clinically important. In this study, the difference in PCS scores and similar MCID thresholds between females with KL ≥2 and those with KL=0 or 1 was 4.46, implying that PCS domains play a clinically important role in females with knee OA.
Muraki et al 23 showed that participants with KL=3 or 4 had significantly lower PCS scores than those with KL=0, 1 or 2. Our data also demonstrated this trend. However, their study showed that the MCS score was higher with KL=3 or 4 than that with KL=0 or 1 in men and women. 23 Muraki et al 40 stated that the phenomenon was due to a so-called 'disability paradox'. Our study illustrated that the MCS score was lower in patients with KL=2 or more relative to those with KL=1 or less, especially in males, consistent with another Chinese hospitalbased study from Woo et al. 8 The absence of a so-called 'disability paradox' in Chinese and Taiwanese populations further supports the effects of different cultures and genders on HRQOL, even in the same disease. Further investigation is needed to address this topic.
Logerstedt et al 22 showed the same results for PCS scores (males: 38.18-53.31=−15.13; females: 34.39-56.43=−21.94). Although the effects of OA on PCS in females and MCS in males were not marked after adjusting for age, BMI, education and exercise, their difference was still greater than MCID (PCS in females: −3.264; MCS in males: −3.115). Moreover, the difference between females with and without OA was marked on WOMAC, but the difference between males with and without OA was not marked on WOMAC. Since the three components of WOMAC were directly associated with PCS, this result confirmed the role of OA on PCS in females.
The major impact of OA on PCS in females was bodily pain ( p=0.010). Moreover, the role of OA on bodily pain in males was not significant ( p=0.743). This suggests that while the decline in physical function itself affects elderly Taiwanese women, elderly Taiwanese men do not think that they are physically affected. Kim et al 41 also found that knee pain had a greater impact in women with knee OA compared with men. Many studies indicated that women have a lower pain threshold and a lower tolerance to pain than men in the laboratory situation. [42] [43] [44] Furthermore, previous research has stated that women are vulnerable to developing and sustaining musculoskeletal pain conditions. 45 46 Therefore, major preventive strategies in females with OA should focus on the reduction of bodily pain.
Another interesting contrast between males and females can be observed in tables 3 and 4. While a significant difference in MCS exists between males with and without OA ( p=0.020), there was no such difference in females ( p=0.203). Specifically, the difference between males with OA and without OA comes from two subitems: vitality ( p=0.031) and role-emotional ( p=0.008). However, there was no significance in physical performance (TUGT and FTSST tests) in males with or without knee OA. This suggests that it is psychological stress rather than the decline in the physical performance that affects the mental health of elderly Taiwanese males.
Regarding the differences between females and males with knee OA, the PCS domains and FTSST longer than 15 s were statistically significant. Females with knee OA had lower PCS scores than males with knee OA, consistent with other studies from Logerstedt et al (34.39 vs 38.18) and Muraki et al (43.8 vs 44.7) . This finding suggested that females with knee OA had more pain, greater pain sensitivity, poorer performance and worse perceived function than males with knee OA. Females with knee OA had a greater proportion of FTSST longer than 15 s compared with males with knee OA, but there was no significant difference in TUGT longer than 12 s between females and males with knee OA. Logerstedt et al reported a markedly significant difference in TUGT between females and males with knee OA, but there was no significant difference in TUGT between females and males with knee OA in our study. The differences in these study groups may have contributed part of this difference, because the knee OA in the patients in our study might have been less severe compared with that in their patients. Females with early knee OA are more sensitive in FTSST. We suggested that FTSST could be used in early knee OA participants to compare gender differences.
On the basis of the results in tables 3 and 4, with regard to patients with OA, we need to pay attention to mental health in males and physical function in females. Therefore, different strategies may be required in the evaluation and management of males and females with knee OA to improve their quality of life.
With increasing age, physical-based performance and QOL measures worsened. This observation was similar to those of previous studies and also clearly illustrates that increasing age is a significant risk factor in people with knee OA. [47] [48] [49] [50] Jarvholm et al proposed a 'non- linear' relationship between age and the incidence of knee OA. There is a sharp rise in the incidence of knee OA between the ages of 50 and 75, but only a limited rise above age 75. 51 We found that physical-based performance and QOL measures deteriorated with reduced frequency of daily exercise. This finding is similar to those of White et al, 52 who proposed that higher levels of walking activity could protect against the development of functional limitations in people with or at risk of knee OA. In other words, the prevention of a sedentary lifestyle and encouragement of increased daily exercise in elderly populations are helpful in maintaining physical function and QOL.
The univariable analysis showed a significant association between HRQOL and knee OA. Although the result of multivariable analysis presented non-significant results, these results showed the same trend with univariable results. The non-significance may have been due to the small sample size, as statistical power is reduced by increased degrees of freedom in the model. However, the absolute changes of PCS in females and MCS in males were both greater than MCID. Thus, we considered this to still have clinical significance.
Limitations
There are several limitations to our study. First, this is a population-based cross-sectional study; therefore, it is difficult to demonstrate a causal relationship. Further follow-up on this subject may elicit clear causal relationships. Second, other weight-bearing OAs, such as OA of the hip, were not included in the analysis, although these conditions also affect QOL and physical performance. However, knee OA remains the leading cause of OA. Third, the participants in our study are all community-dwelling elderly people who are eligible to receive Taipei city senior medical check-ups. Moreover, the contents of announcement for participants included the impact of knee OA. This group may represent part of the general population, but extrapolation should be limited. Fourth, all the participants who walk into a hospital to receive medical check-ups have relatively higher physical performance and QOL measures than those who stay at home and do not receive medical check-ups. Therefore, QOL measures and physical performance in patients with OA may have been overestimated in our study population, and consequently any differences between them may be underestimated. However, this did not affect our conclusions.
CONCLUSION
This cross-sectional study indicated that elderly Taiwanese females with knee OA had relatively lower scores in the PCS domain of SF-12 than those without knee OA. At the same time, elderly Taiwanese males with knee OA had relatively lower scores in the MCS domain of SF-12 than those without knee OA. Both genders with OA of the knee had higher WOMAC index scores than those without knee OA.
It is worth noting that different strategies may be required in the management of males and females with OA, with the major objective of the management of mental health in males and physical function in females.
